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Quaternary tellurite glass systems in the form 75TeO2–15ZnO–(10x)Nb2O5xGd2O3, where (x¼0.0, 0.5,1.0,1.5,2.0 and 2.5 mol%) have
been prepared by the melt quenching technique. Optical absorption studies are carried out on the glass systemin the wavelength range of 380–
500 nm. The cut-off wavelength λc, optical band gap Eopt, Urbach energy ΔE and refractive index n values were calculated from optical
absorption data. Also, different physical parameters such as, molar refraction RM, metallization criterion M, electronic polarizability of the oxide
ion αo2 (calculated from Eopt), and optical basicity Λ have been determined. The FTIR absorption spectra for all glasses in the range of wave
numbers 350–4000 cm1 has been recorded and designated.
& 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Keywords: Glasses; Tellurite; Rare Earth oxides; UV spectra; FTIR absorption spectra1. Introduction
In materials engineering design prediction and understanding
over the physical properties are essential to develop new class of
functionalized materials. Recently, growing attention has been
paid to tellurite-based glasses due to the promising materials for
photonics and optoelectronics due to its unique physical proper-
ties [1–14]. Heavy metal oxide (ZnO) have been used as
potentially promising component materials for tellurite-based
ﬁbers [1]. Design and optimization of tellurite hybrid micro
structured optical ﬁber TeO2–Li2O–WO3–MoO3–Nb2O5with
high nonlinearity and low ﬂattened chromatic dispersion for
optical parametric ampliﬁcation had been achieved [3]. Rare
work has been focused on gadolinium oxide in glass [14].
Hence, the glass tellurite–zinc–niobium–gadolinium TZNG
need to synthesize and physically characterize in order to
provide scientiﬁc data for future industrial applications.
The objectives of this project are to study the optical
properties of TZNG glass,estimation of the average electronic10.1016/j.ceramint.2014.07.006
14 The Authors. Published by Elsevier Ltd. This is an open acces
mmons.org/licenses/by-nc-nd/3.0/).
g author.
sses: Elkhoshkhany@alexu.edu.eg,
ail.com (N. Elkhoshkhany).polarizability, energy gap, and the optical basicity of the glass
systems. Also, to study the effect of replacement by Nb2O5 by
Gd2O3 on optical properties of tellurite glasses and to bring
new information and parameters of these glasses.
2. Experimental work
The tellurium-based glasses form 75TeO2–15ZnO–(10–x)
Nb2O5–xGd2O3, where (x¼0.0,0.5,1.0,1.5,2.0 and 2.5 mol%)
have been prepared by the melt quenching technique of
tellurium(II) oxide (TeO2, 99.99% purity, Loba), niobium(V)
oxide (Nb205, 99.99% purity, Aldrich), zinc oxide (ZnO,
99.999% purity, Aldrich ) and gadolinium (III) oxide
(Gd2O3,99.9% purity, Aldrich) as explained before [15]. The
prepared cubic samples were polished by a lapping machine
with 600 grade and soft ﬁne AlO3 powder. Opposite faces
were ﬁnished optically ﬂat and parallel with a high mirror-like
surface. The compositions of the glass samples employed in
the present study are given in Table 1.
The optical absorption spectra in the visible and near
ultraviolet region were recorded at room temperature. These
curves were traced for highly polished thin glass samples using
a Perkin-Elmer 402 double beam spectrophotometer in thes article under the CC BY-NC-ND license
Table 1
Density, molar volume, oxygen packing density, experimental UV cut off, energy gap, energy tail, calculated and refractive index of the quaternary TeO2–ZnO–
Nb2O5–Gd2O3 glassy samples.
Glass composition Ρ (g/cm3) [15] VM (cm
3) [15] OPD (g atom/L) λc (nm) Eopt indirect (eV) ΔE (eV) n
TZNG1 (75TeO2–15ZnO–10Nb2O5) 5.168 30.665 70.112 392 2.925 0.115 2.418
TZNG2 (75TeO2–15ZnO–9.5Nb2O5–0.5Gd2O3) 5.254 30.256 70.729 390 2.93 0.1254 2.416
TZNG3 (75TeO2–15ZnO–9Nb2O5–1Gd2O3) 5.349 29.811 71.450 389 2.94 0.1256 2.413
TZNG4 (75TeO2–15ZnO–8.5Nb2O5–1.5Gd2O3) 5.51 29.027 73.035 388 2.95 0.1261 2.411
TZNG5 (75TeO2–15ZnO–8Nb2O5–2Gd2O3) 5.582 28.738 73.421 387 2.953 0.1265 2.410
TZNG6 (75TeO2–15ZnO–7.5Nb2O5–2.5Gd2O3) 5.788 27.800 75.539 384 2.968 0.128 2.406
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Fig. 1. UV absorption spectra of 75TeO2–15ZnO–(10x)Nb2O5xGd2O3,
(x¼0.0, 0.5,1.0,1.5,2.0, 2.5 mol%) glass samples.
N. Elkhoshkhany et al. / Ceramics International 40 (2014) 14477–1448114478wavelength range of 3800–500 nm. The FTIR transmission
spectra for all observed glasses in the range of wave numbers
350–4000 cm1 has been recorded.
3. Results and discussion
Theprepared quaternary 75TeO2–15ZnO–(10–x)Nb2O5–xGd2O3
are yellow and transparent. Table 1 collected values of density,
molar volume and oxygen packing density of the quaternary
TeO2–ZnO–Nb2O5–Gd2O3 glassy samples. The results showed
that the density increased from5.168 to 5.788g/cm3 due to
increase of Gd2O3 from 0.0 mol% to 2.5 mol%. The increase in
the density is attributed to the average molecular weight of the
glass, which is higher than that of TeO2 [16]. The values of the
molar volume decreased from 30.67 cm3 to 27.80 cm3 due
toincrease of Gd2O3 from 0.0 to 2.5 mol% as reported in
Table 1. This change in molar volume was due to the change
in the structure caused by the change on interatomic spacing.
Also, Table 1 collected the oxygen packing density OPD has
been increased from 70.11 to 75.54 (g atom/L).
The optical absorption spectra of the prepared glasses
75TeO2–15ZnO–(10x)Nb2O5xGd2O3, where (x¼0.0,
0.5,1.0,1.5,2.0, 2.5 mol%) are shown in Fig. 1 in the ranges
from 380–500 nm at room temperature. It is found that optical
absorption edge is not sharply deﬁned in the present glasses,
which clearly indicates their glassy nature. The cut off
wavelength λcwas in the ranges from 384 to 390 nm. The
optical band gap Eopt values of the glasses can be calculated
using the relation (proposed by Davis and Mott) between the
absorption coefﬁcient α (ν) and photon energy (ћν) of the
incident radiation, and is given below by Eq. 1 [17,18],
αðνÞ ¼ AðћνEoptÞ
n
ðћνÞ ð1Þ
Where Eopt is the optical band gap energy, A is a constant and
theexponent n takes different values depending on the mechanism
of inter band transitions [17]. For amorphous materials, indirect
transitions are valid according to Tauc's relation [19]. The power
part n¼1/2, 3/2,2 and 3 for direct allowed, direct forbidden,
indirect allowed and indirect forbidden optical transitions, respec-
tively. The values of indirect optical band gap energy Eopt can be
obtained from Eq.1 by extrapolating the absorption coefﬁcient to
zero absorption in the (αћν)1/2vs. (ћν) plot (Tauc's plot), as shown
in Fig. 2. The values of the Eopt for the glass samples are
collected in Table 1. The Eopt values increased from 2.925 to2.968 eV for indirect transition due to increase of Gd2O3 from 0.0
to 2.5 mol%. The present value optical energy gap conﬁrms the
recent data Eopt¼3.0 eV for the glass 15 g {70TeO225WO3–
5La2O3}0.06 g Gd2O3[14]. The increase in the optical band
gap with Gd2O3 as explained before [20].
At lower values of the absorption coefﬁcient (αo104 cm1),
the extent of the exponential tail of the absorption edge
characterized by the Urbach energy [21] is given by Eq. 2,
αðνÞ ¼ αoexp
ðћνÞ
ΔE
 
ð2Þ
where αo is constant and ΔE is the width of the band tails of
electron states in the forbidden band gap and which is also
known as the Urbach energy. The graph of ln(α) vs. photon
energy (ћν) for the present glass system (Urbach plot) is shown
in Fig. 3. The values of Urbach energy (ΔE) were calculated
from the reciprocal of the slope of the linear region (in the lower
photon energy) of the curves and are listed in Table 1. The ΔE
values increased from 0.115 to 0.128 eV due to increase of
Gd2O3 from 0.0 to 2.5 mol%. The increase in the energy tail for
the present quaternary tellurite glasses suggested that the degree
Fig. 2. (αћν)1/2 vs. (ћν) plot (Tauc's plot, Eq. 1) of 75TeO2–15ZnO–(10x)
Nb2O5xGd2O3, (x¼0.0, 0.5,1.0,1.5,2.0, 2.5 mol%) glass samples.
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Fig. 3. Ln α vs. (ћν) plot (Urbach plot, Eq. 2) of 75TeO2–15ZnO–(10x)
Nb2O5xGd2O3, (x¼0.0, 0.5, 1.0, 1.5, 2.0, 2.5 mol%) glass samples.
Table 2
Molar refraction RM, metallization criterion M, electronic polarizability of the
oxide ion αo2 (calculated from Eopt), optical basicity Λ of the quaternary
TeO2–ZnO–Nb2O5–Gd2O3 glassy samples.
Glass composition Rm M αo
2(9
()(Å3)
Λ
TZNG1 (75TeO2–15ZnO–10Nb2O5) 18.938 0.3824 2.895 1.0931
TZNG2 (75TeO2–15ZnO–9.5Nb2O5–
0.5Gd2O3)
18.675 0.3828 2.856 1.0852
TZNG3 (75TeO2–15ZnO–9Nb2O5–
1Gd2O3)
18.381 0.3834 2.810 1.0758
TZNG4 (75TeO2–15ZnO–8.5Nb2O5–
1.5Gd2O3)
17.879 0.3841 2.726 10573
TZNG5 (75TeO2–15ZnO–8Nb2O5–
2Gd2O3)
17.695 0.3843 2.700 1.0516
TZNG6 (75TeO2–15ZnO–7.5Nb2O5–
2.5Gd2O3)
17.091 0.3852 2.595 1.0265
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percentage of Gd2O3 content.
The refractive index of the present TeO2–ZnO–Nb2O5–
Gd2O3 glasses is calculated for all samples by using Eq. 3 [22].
n21
n2þ2
 
¼ 1
ﬃﬃﬃﬃﬃﬃﬃﬃ
Eopt
20
r
ð3Þ
The refractive index n decreases from 2.418 to 2.406 while
the values are higher than those for [70TeO2–25WO3–
5La2O3]–Gd2O3[14] as in Table 1. The present high values
of the refractive index have been attributed to the directproportional relationship between density and also due to the
high polarization of the host material TeO2 [23].
The molar refraction (RM) is calculated by using Eq. 4 [22],
RM ¼
n21
n2 þ2
 
Vm ð4Þ
Where n is the refractive index and Vm is the molar volume of
the glass. The molar refraction RM for TeO2–ZnO–Nb2O5–
Gd2O3 decreased from 18.938 to 17.091 due to increase of
Gd2O3 from 0.0 to 2.5 mol%. The metallization criterion M for
the present tellurite glasses is calculated by using Eq. (5) [22].
M ¼ 1 RM
Vm
ð5Þ
The values of M of the present glasses are presented in
Table 2. The metallization criterion M of present glasses
TeO2–ZnO–Nb2O5–Gd2O3lies in the range of 0.3824–
0.3852. The metallization criterion of most of the tellurite
glasses could be exists in the range 0.35–0.45 [24]. The range
of the metallization criterion of the present glasses is well in
agreement with thisrange. From Table 2 it can be seen that a
small metallization valuemeans that the width of both valence
and conduction bands become large and it results in the
decrease of the optical band gap to values less than 3 eV.
The electronic polarizability of oxygen ion (αo2) is calcu-
lated from the optical absorption data by given by Eq.(6) [22],
αo
2 ¼ Vm
2:52
1
ﬃﬃﬃﬃﬃﬃﬃﬃ
Eopt
20
r !
∑
i
pαiq1
"
ð6Þ
Where Vm is molar volume, Eopt is optical band gap energy, αi is
the polarizability of the cation (molar cation polarizability, p and
q denotes the number of cations and oxide ions, respectively, in
the chemical oxide ApOq. It can be seen from the Table 2 that
αo2 decreases from 2.895 to 2.595 Å3. The decrease in αo2 is
due to the cation polarizability of Gd3þ¼1.08 Å [25] and that of
Te4þ ions (1.595 Å3) the glass sample.
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Fig. 5. FTIR absorption spectra of 75TeO2–15ZnO–(10x)Nb2
O5xGd2O3, (x¼0.0, 0.5,1.0,1.5,2.0, 2.5 mol%) glass samples.
Table 3
The positions of the FTIR Q1, Q2, Q3,Q4,Q5,Q6 bands of the quaternary TeO2–
ZnO–Nb2O5–Gd2O3 glassy samples.
Code
Sample
Q1(cm
1) Q2(cm
1) Q3(cm
1) Q4(cm
1) Q5(cm
1) Q6(cm
1)
TZNG1 431 656 785 884 1640 3468
TZNG2 429 657 788 887 1641 3469
TZNG3 427 659 791 889 1641 3471
TZNG4 426 660 793 892 1642 3473
TZNG5 422 662 794 895 1643 3474
TZNG6 420 663 797 897 1645 3477
N. Elkhoshkhany et al. / Ceramics International 40 (2014) 14477–1448114480The optical basicity Λ was calculated using the Eq. (7) and
the values are presented in Table 2.
¼ 1:67 1 1
αo2
 
ð7Þ
It can be observed that the values optical basicity Λ for the
present glasses lie between 1.0931 and 1.0265. The optical
basicity Λ is related to the electron donor power of the oxygen in
glasses. A high value of this refers to a more ionic bonding,
whilst a low value of this refers to a covalent bonding. Therefore,
it helps in the estimation of type of bonds present in the prepared
glasses. According to this relationship, an increase in the
polarizability increases the optical basicity which in its turn leads
to an increase in the refractive index and a decrease in the optical
band gap is expected. The increase in the optical basicity from
1.0931to1.0265 suggest that the creation of non bridging oxygens
(NBOs) at the expense of bridging oxygens (BOs). The increase
in Λ also suggest that the cation–oxygen bonds are becoming
more ionic behavior instead of covalent. Fig. 4 represented
refractive index, optical energy gap and band tailing of
75TeO2–15ZnO–(10x) Nb2O5xGd2O3, where (x¼0.0,
0.5,1.0,1.5,2.0, 2.5 mol%) glass samples. The refractive indexes
of all samples are considerably higher than those obtained for
standard optical glasses.
Fig. 5 showsabsorption bands in the range of wave numbers
350–4000 cm1. The positions of the FTIR bands of these
glasses are designated as Q1 to Q6 bands and listed in Table 3.
Previously, the absorption bands of binary TeO2–rare earth
oxides [26] and TeO2–transition metal oxides [27] were investi-
gated. The present bands will be characterized as follows:1.Fig
15Z
glaThe band Q1 appeared in the range 431–420 cm
1 and
assigned to the symmetrical stretching or bending vibrations
of Te–O–Te linkages which are formed by corner sharing of0.0 0.5 1.0 1.5 2.0 2.5
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. 4. Refractive index, optical energy gap and band tailing of 75TeO2–
nO–(10x) Nb2O5–xGd2O3, where (x¼0.0, 0.5,1.0,1.5,2.0, 2.5 mol%)
ss samples.(TeO4), (TeO3þ1) polyhedra and TeO3 units [28]. This
band shifts from higher wavenumber to lower wave number
with the addition of Gd2O3 content, indicates cleavage of
Te–O–Te linkages. This can be understood as the inclusion
of Gd2O3 to TeO2 glass network may form Gd–Te–O, Gd–
O–Te and/or Gd–O–Gd bonds in place of Te–O–Te
linkages [29],2. The bands Q2and Q3 appear in the range 656–663and785–
797 cm1 are ascribed to the axial symmetrical stretching
vibrational modes of (Teax-O)s of TeO4 tetrahedra and the
(Teeq–O)s and (Teeq–O)as vibrational modes of TeO3þ1
polyhedra or TeO3 traiagonal bipyramid units [30,31].
These bands shift from lower wavenumber to higher
wavenumber due to structural changes take place in the
glass network. It suggests that theaddition of Gd2O3 content
could break the axial Te–O bonds of TeO4 units, then
transforms into TeO3tp via TeO3þ1 and also suggeststhat
increase of lower coordination units (TeO3) as compared to
higher coordination units (TeO4) [27,32],3. The band Q4 appears in the range 884–897 cm
1 is
assigned to the stretching vibrations of Nb–O bonds in
NbO6 octahedra. This band shifts to higher wavenumber
could be due to the deformation of NbO6 octahedra with the
addition of Gd2O3 content [29],
N. Elkhoshkhany et al. / Ceramics International 40 (2014) 14477–14481 144814. The bands Q5 and Q6 appear in the range 1640–1645 and
3468–3477 cm1 are attributed to the O–H bending vibra-
tions and stretching vibrations of Te–O–H bond respec-
tively. The origin of thisbands maybe due to the trapping
water molecules in the glass matrix [33].
4. Conclusions
Quaternary TeO2–ZnO–Nb2O5–Gd2O3 glasses have been
prepared by melting and quenching techniques. Replacement
Nb2O5 by Gd2O3 change: Optical energy gap Eopt from 2.925 to 2.968 eV, Band tailing ΔE from 0.115 to 0.128 eV,
 Refractive index from 2.418 to 2.410,
 Molar refraction from 18.938 to17.091,
 Metallization criterion from 0.3824 to 0.3852,
 Electronic polarizability of the oxide ion from 2.895 to
2.595 Å3, Optical basicity from 1.0931to1.0265.
From the analysis of the FTIR spectra of the prepared
glasses, the positions of the FTIR Q1, Q2, Q3,Q4,Q5,Q6 bands
of the quaternary TeO2–ZnO–Nb2O5–Gd2O3 glassy samples
are designated.
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